The forest fires influence on the plants and soil depends on the fire severity and time of exposure. Fire severity integrates physical, chemical and biological changes occurring in ecosystems on the area as a consequence of fire influence. The purpose of the current investigation was to examine the role of the forest fire severity on the vegetation cover of the area of Svilengrad Municipality, using NDVI (Normalized Difference Vegetation Index) before fire and after fire, derived from LANDSAT 8 TM/ETM images. The comparison of the data from NDVI and that observed on the terrain data was also targeted. The results show that NDVI are changed significantly in fire affected area depending on vegetation cover and type of fire. This index also is very sensitive to changes during time after fire occurrence. One year after fire occurrence the NDVI values increased to +0.305 (0.048) for whole studied area. Through dNDVI could be distinguish the recovery rates of the fire affected areas with different tree species.
INTRODUCTION
The forest fire e ff ects on plant and soil vary depending on the fire intensity and time of exposure [1] . Fire severity integrates physical, chemical and biological changes occurring on the area as a consequence of fire influence [2, 3, 4, 5] . Fire also has important and immediate e ff ects on soil properties. More a ff ected layers are usually surface ones, while as deeper the horizon, as the temperature is lower [6] . This effect may reduce plant regeneration response [7] .
Landsat satellite images have been used quite early for analysis of forest fires influence. Thus, [8] used Landsat MSS images for classification and estimation of the fire-ravaged areas of Japan and Kritikos (1992) applied supervised and unsupervised classification for assessing the fire damage at Mount Athos in Greece.
A near-infrared / red ratio image might be useful for differentiating between areas with stressed and nonstressed vegetation. Various mathematical combinations of satellite bands, have been found to be sensitive indicators of the presence and condition of green vegetation. These band combinations are thus referred to as vegetation indices. There are based on the reflectance properties of vegetated areas as compared to clouds, water and snow on the one hand, and rocks and bare soil on the other. Vegetated areas have a relatively high reflection in the near-infrared and a low reflection in the visible range of the spectrum. Clouds, water and snow have larger visual than near-infrared reflectance. Rock and bare soil have similar reflectance in both spectral bands. Green vegetation yields high values for the index. In contrast, the water yields negative values and bare soil gives indices near zero [9] .
The Normalized Difference Vegetation Index (NDVI) is an index ranging from -1.0 to 1.0. NDVI of a dense vegetation canopy will tend to positive values (from 0.3 to 0.8), while clouds and snow fields will be characterized by negative values of this index. The water areas (e.g., oceans, seas, lakes and rivers) have a rather low reflectance in both spectral bands (at least away from shores) and thus the NDVI values are very low positive or even slightly negative. The soil, in general, exhibit a near-infrared spectral reflectance somewhat larger than the red, and thus tend also to generate rather small positive NDVI values (from 0.1 to 0.2). Very low values of NDVI (0.1 and lower) correspond to the barren areas of rock, sand, or snow. Moderate values represent shrub and grassland (from 0.2 to 0.3), while the temperate and tropical rainforests show the high values (from 0.6 to 0.8) [10] .
The purpose of the current investigation was to examine the role of the forest fire severity on the vegetation cover of the area of Svilengrad Municipality, using NDVI before fire and after fire, derived from LANDSAT 8 TM/ETM images. The comparison of the data from NDVI and that observed on the terrain data was also targeted.
STUDIED AREA
The studied area (about 1280 ha) situates within the Svilengrad Municipality (south-east of Bulgaria) area and was affected by fire in July and in August 2013. The forest fire on the territory of the TD SFE "Svilengrad" near to Ravna gora village started on 22.08.2013 and was active till 30.08.2013.
On the Fig. 1 the polygon of the fire affected area in Svilengrad Municipality (south-east Bulgaria) and sampling sites are shown. The altitude of the territory varies from 300 to 540 m a.s.l. The forest fire affected different tree species, shrubs and grasses. We studied the changes in area covered with Scots pine plantation and coppice oak stand as described in Table 1 and  Table 3 . 
METHODS

Data sources for images
A set of Landsat 8 TM images (with 11 spectral bands and 30 m spatial resolution) with data before and immediately after the forest fire occurrence have been used. Four images were acquired in the same season in order to minimize the impact of vegetation at different seasons (Table 2) . High resolution images from 2006, terrain data from two sampling sites of the area, affected by fire and reports about forest fires, issued by State Forestry Enterprises (SFE) "Svilengrad" have been used. In Table 2 , the dates of images from different scenes before and after fire occurrence are presented. Four scenes -one before the fire occurrence and three after fire suppression have been used. From the available scenes after fire suppression have been used that, closest to the date of the fire -16.10.2013, which was without clouds. The scene from 14.09.2013 has been used just in case for area and , described in Table 3 .
Calculations
The Normalized Difference Vegetation Index (NDVI) and difference NDVI (dNDVI) were used for assessment of the vegetation response to the forest fire. NDVI is one of the most well-known, and most frequently used vegetation indices [11, 12] .
NDVI indicates the amount of green vegetation presented within a pixel. It is defined by the following equation:
(1) where NDVI -Normalized Difference Vegetation Index, ρ NIR and ρ Red indicate the reflectance of the near-infrared and red bands, respectively.
RESULTS AND DISCUSSION
The image A, on On site we collected samples from soil, needles and leaves from Scots pine plantation and coppice oak stand. The forest fire affected 1.2 ha within Scots pine plantation (Table 3 ). This area was influenced by surface fire, which damages reached to 1.0 m in height of stand's stems. Moreover, the forest litter was completely burned. The area covered with coppice oak stand, affected by forest fire was 5.8 ha. The flame of the fire reached to 1.0-1.5 m in height of stems. The forest litter of this stand was also completely burned. However there were area with little or no influenced by fire.
The area, affected by fire was not homogeneous, which can be seen from the image from 2006 with a high resolution (Fig. 1) . A part of area was covered with tree vegetation, the rest part with grass and shrub vegetation. This corresponds with data acquired from remote sensing as can be seen from data in Table 4 .
The NDVI values of the territory A2, before the fire occurrence vary from 0.170 -0.299 (Fig. 2 A) and correspond to the area covered with grass and shrubs which can be seen from Fig. 1 . The area covered with tree vegetation show NDVI values up to 0.491. The mean value for this territory is 0.273 (±0.077). The Landsat 8 TM image which we used is acquired for nine days before fire, period in which because of the high air temperature and lack of moisture, the vegetation have lower vitality. Nonetheless the clear differences between NDVI values before and after fire could be seen. On the image of Fig. 2 -could be seen the territory previously (from 11.07 2013 to 20.07.2013) affected by forest fire. On the image of Fig. 2 B , NDVI values for post fire A2 territory, which was the most affected by fire, vary from 0.002 to 0.115 and almost all area is black coloured. These values correspond to the bare soil. We can see that on the area covered with tree species before forest fire occurrence, the NDVI values were the highest -from 0.300 to 0.491. Two months after fire for some parts of these sites, NDVI values vary from 0.002 -0.114. Obviously, the fire severity was the highest on these sites, in result of which the vegetation was completely burned. On the images these area were coloured in black. For the grey coloured area, the NDVI values vary between 0.115 -0.184, which means the medium fire severity impact.
One year after forest fire, the mean value of NDVI is 0.305 (± 0.048) ( Table 4 ). This increase could be due to the fact that herbaceous were recovered on the almost all area of fire disturbance. On the territory, covered with tree species, a year after fire, the NDVI values vary between 0.089 -0.288 which means that this area is not recovered yet.
The strongest impacted forest by fire were coniferous plantation. On the On Fig. 3 , the values of NDVI, extracted from pixels before fire event -13/08/2013 with that NDVI after fire 16/10/2013, 16/08/2014 were compared.
As could be seen the prevailing part of NDVI values extracted from pixels of images before fire exceeds 0.2. Only for area A1, affected by fire from 11.07 to 20.07.2013, the NDVI values are lower 0.1 Figure 3 (a) . A successful recovery of grass cover on both areas -A1 and A2 could be observed one year after fire. On the Fig. 3 (b) the values of pixels are higher than that before fire (0.2).
A better understanding of the fire severity and changes occurred after forest fire give dNDVI (Fig.  4) . The high values of this index show the places with the most significant alterations provoked by fire. These significant changes are on the places covered with tree species.
As could be seen on Fig. 5 , two months after a fire, affected the territory, designated by A2, the values of dNDVI from all pixels are positive, which proves the forest fire impact. Only on the territory A1, earlier affected by forest fire the values of pixels are negative. One year after forest fire occurrence, there are positive and negative values of dNDVI extracted from pixels of the fire affected territory. A detail study confirms that area, with completely destroyed tree species have positive dNDVI values. In the case with Scots pine plantation the mean value of NDVI value before fire was 0.367, and decreased to 0,308 one month after forest fire occurrence. Two months later, the mean value of NDVI is -0.209. A year after the forest fire, the NDVI values were kept low. There is an insignificantly increase of mean value of NDVI, most probably in result of pixels reflecting availability of broadleaf vegetation from unaffected by the forest fire area (Fig. 6) .
The picture taken from the unaffected by forest fire part of plantation, picture 2 -six day after surface fire event, and 3 -one year after fire. Images above corresponds to time of pictures
The data for dNDVI values demonstrates the significant changes of the forest cover two months after fire. These changes were kept a year after fire (Table 7) .
Mean values of the NDVI of the are occupied with Quercus pubescence Willd stands also have low value 0.225 in comparison with that before fire -0.415 (Table 6 ). The oak stand was most affected in the places where there was dry grass below tree canopy. A year after fire could be seen that broadleaf tree species is not completely destroyed which corresponds to the studies which found that the temperature of fire in broadleaf tree species is lower in comparison to that of conifers due to different chemical composition of leaf /needles and bark of stand [13] . The first picture has taken from unaffected part of oak stand. Second picture -from fire affected area six day after surface fire. The third was taken a year after fire. Fig. 9 . dNDVI pixels of Quercus pubescensWilld. plantation.
CONCLUSIONS
The mean values of NDVI of fire affected area of FSE "Svilengrad" is +0.124 (0.048), while for not disturb forests it varies from 0.42 -0.44.
NDVI are changed significantly in fire affected area depending on vegetation cover and type of fire. This index also is very sensitive to changes during time after fire occurrence. One year after fire occurrence the NDVI values increased to +0.305 (0.048) for wall studied area.
Our results show that through dNDVI could be distinguish the recovery rates of the fire affected areas with different tree species.
ОЦЕНКА НА СИЛАТА НА ПОЖАРА ЧРЕЗ ИЗПОЛЗВАНЕ НА NDVI , ПОЛУЧЕН ОТ LANDSAT TM / ETM ИЗОБРАЖЕНИЯ И ДАННИ ЗА ТЕРЕНА
